Human and canine erythrocytes, leukocytes, and platelets suspended in Krebs solution have been demonstrated to precipitate on both platinum and gold electrodes at a reproducible electrode potential. The experiment shows that human and canine erythrocytes and leukocytes display a reversible precipitation with VH (electrode potential with reference to the normal hydrogen electrode) equal to +0.34 4 0.02 volts in vitro. Platelets were found to precipitate irreversibly on the platinum electrode at +0.40 + 0.025 volts. In acid citrate dextrose solution this precipitation is accompanied by destruction of the platelets and conversion of the contents of the cell into a gel even though the plasma was diluted 30X during the experiment.
Human and canine erythrocytes, leukocytes, and platelets suspended in Krebs solution have been demonstrated to precipitate on both platinum and gold electrodes at a reproducible electrode potential. The experiment shows that human and canine erythrocytes and leukocytes display a reversible precipitation with VH (electrode potential with reference to the normal hydrogen electrode) equal to +0.34 4 0.02 volts in vitro. Platelets were found to precipitate irreversibly on the platinum electrode at +0.40 + 0.025 volts. In acid citrate dextrose solution this precipitation is accompanied by destruction of the platelets and conversion of the contents of the cell into a gel even though the plasma was diluted 30X during the experiment.
The following experiments were carried out to determine whether proteins involved in blood coagulation, beginning with the fibrinogen fraction from blood, displayed a specific precipitation potential similar to that found with human erythrocytes, leukocytes, and platelets." 2 Physiological solutions of crude Cohn fraction 1 and purified fibrinogen at pH 7.4 were examined before and following exposure to polarized electrodes. The concentration of fibrinogen was varied in the attempt to observe any precipitate produced at various electrode potentials and to determine concentration effects in the experiment per se.
It was found that blood cells including platelets display a critical precipitation potential which fibrinogen does not. Purified fibrinogen was found to precipitate infrequently at currents approximating 40 ma/cm2 and at potentials in the range VH = -0.76 to +1.24 volts which is the accessible experimental range in our apparatus. Concentration differences had little observable effect on the resistance to precipitation.
Materials and Methods.-The precipitation technique of Sawyer, Brattain, and Boddyl' 2 was used. The apparatus was essentially identical to that described in reference 2. The precipitation cell consisted of a Lucite box with an optical glass top. A metal electrode in the form of a wire was inserted through the top. Aluminum, stainless steel, and magnesium electrodes, in addition to the platinum electrode, were used.
Fibrinogen preparations: (1) Cohn fraction fibrinogen: Cohn fraction fibrinogen solutions at concentrations varying from 10 to 2000 mg per cent were used. The appropriate amount of fibrinogen was weighed and placed into a beaker containing 50 ml of modified Krebs' solution at 370C and pH 7.4. The fibrinogen was allowed to dissolve in the solution in a water bath at 37CC. This took 15-30 min. Early attempts to dissolve the fibrinogen by swirling the beaker containing the solution caused the fibrinogen to precipitate on the sides of the container, forming a visible, white filamentous mass. When the fibrinogen was allowed to dissolve slowly, the fibrinogen remained in solution which appeared clear and free of visible cloudiness or fibrin strands.
(2) Purified fibrinogen: Purified plasminogen-deficient fibrinogen was supplied by Dr. Allan J. Johnson. This was prepared by precipitating Cohn fraction 1 fibrinogen from a solution made deficient in plasminogen by reducing the pH to 6.4 at low ionic concentration after the method of Johnson and Pert.3
The fibrinogen was then repeatedly reprecipitated with ammonium sulfate in the presence of 0.1 M epsilon aminocaproic acid (EACA) and 0.2 M glycine to solubilize the plasminogen. The plasminogen tended to remain in solution, the fibrinogen precipitating out in an increasingly pure form. Succeeding precipitations were more and more plasminogen-free.
The precipitated fibrinogen was dialyzed against 0.3 M KCI in 6.4% citrate for 3 days after each precipitation to free it of ammonium sulfate.
Purified fibrinogen prepared as indicated above was dissolved in 5 ml of distilled water at 370C and diluted with 10 ml of Krebs' saline serum substitute. The solution was allowed to remain in the water bath at 37CC until all the fibrinogen was dissolved. The resulting solution had a protein content of 5 mg/ml (500 mg per cent).
Technique: The fibrinogen solutions were gently poured into the precipitation cell which was placed on the microscope stage. Circuit A was completed. The spontaneous potential difference between the metal electrode used and the standard calomel cell was recorded.
Circuit B was then completed. The voltage across the precipitation electrode solution interface was increased in 50-100-mv increments and allowed to remain at each level a minimum of 5-10 min and ultimately as long as 30 min. This was done to ensure that the precipitation would be noted even if occurring slowly. The electrode potential ranged between -1000 mv and + 1000 mv with reference to the calomel half cell. The electrode surface was observed through a microscope at a minimum magnification of 200 X and any visible accumulation on the electrode was recorded. Fibrinogen precipitation was classified as follows: 0, no precipitation; 1, evidence of thin layer of precipitate, anywhere on the electrode; 2, piling up of precipitate on any one point on the electrode; 3, progressive coverage of the entire electrode with the precipitate; 4, gelation of contents of cell.
At the termination of each precipitation experiment, approximately 100 units of bovine thrombin (Merck, Sharpe and Dohme) was added to the experimental solution. In the presence of thrombin the fibrinogen in the solution formed a fibrin gel.
Results.-(1) Cohn fraction fibrinogen: There was little or no precipitation of the Cohn fraction fibrinogen on any of the electrodes used (Table 1) at concentrations between 10 and 1000 mg/100 cc of solution (Table 3) . Of 23 experiments run using the platinum electrode, only two yielded a large amount of precipitate. With the aluminum electrode, no large amounts of precipitate formed in 15 experiments. Attempts were made to use a magnesium electrode in the solution; this proved impossible because of oxygen evolution at potentials more positive than -1.5 V (NHE). (2) Purified fibrinogen: The purified fibrinogen showed even less precipitation on the electrode than Cohn fraction 1. The results are shown in Table 2 . Of 21 experiments carried out in that series, two displayed grade 2 precipitation. All the others were recorded as either grade 0 or grade 1.
(3) Highly purified fibrinogen: One sample of highly purified fibrinogen was tested consecutively on three electrodes of different metals. There was no precipitation on the platinum electrode. With consecutive transfer of the solution into a second and third cell containing aluminum and stainless steel electrodes, respectively, a very slight precipitation was seen on the aluminum electrode, and grade 4 precipitation was observed on the stainless steel electrode. The result with the Purified* Platinum stainless steel electrode may have been due to the fact that the fibrinogen-containing solution had then been transferred three times. To test the possibility, additional experiments using only the stainless steel electrode were carried out using purified fibrinogen preparations. No precipitation occurred in these experiments. In all instances, when the platinum electrode and the cell were cleaned carefully, 1o precipitation was observed. In most experiments the electrode was dipped in concentrated nitric acid, rinsed in distilled water, and air-dried. In the earliest experiments, the electrode was usually dipped in alcohol, rinsed in distilled water, and wiped clean with lint-free paper. When the electrode was not free from lint, some fibrinogen precipitation, apparently on the lint, could be seen approximately 25 per cent of the time. Discussion.-This experiment was carried out to determine if fibrinogen displays a specific precipitation potential similar to that found for mammalian blood cells. The results suggest that purified fibrinogen is resistant to precipitation o11 an electrode due to changes of either the potential or the current, of greater magnitude than biologic tissues are normally capable of producing, across the electrode solution interface. The findings suggest that blood cells, but not fibrinogen per se, are involved in initiating the blood clotting process. Zucker,4 among others,5 6 has reported that platelets appear to clump at a site of injury, and in fact, are probably responsible for closing a wound in a blood vessel. Initially, this platelet clot appears free of fibrin. Human and canine platelet preparations have been demonstrated to precipitate at electrode potentials in the same approximate range that produces human erythrocyte and leukocyte precipitation, resulting in conversion of the diluted plasma from sol to a gel even in the presence of acid citrate dextrose.2 Fibrinogen, under the same circumstances, does not precipitate on the electrode. Therefore, injury potentials, due to tissue injury capable of causing blood cells and platelets to precipitate, would be expected to have little or no direct effect on the fibrinogen and, it is suggested, are incapable of eliciting fibrinogen-fibrin conversion. These findings do not rule out fibrinogen-fibrin conversion due to specific enzymatic action in vivo.'
Summary.-An attempt to measure the electrochemical precipitation potential of human fibrinogen, both Cohn fraction 1 and purified fibrinogen, is reported. It was found that, unlike human blood cells which have a reproducible precipitation potential, fibrinogen does not precipitate at a specific potential. Moreover, fibrinogen does not appear to precipitate on the platinum electrode at potentials of -0.76 to +1.24 volt with respect to the normal hydrogen electrode nor at current flows approximating 40 ma/cm2. The possible significance of this finding is discussed with specific reference to platelets. The findings suggest that the cellular contents of blood are most significantly involved in the initial vascular response to injury as indicated by previous reports of platelet agglutination at sites of vascular injury.
